Abstract. Polymorphisms in pre-microRNAs (miRNAs) or mature miRNAs may influence miRNA processing or target binding, thus contributing to tumorigenesis and cancer development. The present study aimed to evaluate whether miR-149 rs2292832 (C>T) and miR-608 rs4919510 (G>C) are associated with the risk and clinical characteristics of hepatocellular carcinoma (HCC) in a large-scale population. miR-149 rs2292832 and miR-608 rs4919510 were genotyped in a total of 993 patients with HCC and 992 unrelated healthy subjects by Sequenom MassARRAY. The results showed that, compared with the reference CC genotype, the TC+TT genotype of miR-149 was more highly associated with HCC [CC vs. TC+TT: Odds ratio (OR)=1.384, 95% confidence interval (CI)=1.013-1.892, P=0.041], and was also associated with an increased risk of hepatitis B virus (HBV)-associated HCC (CC vs. TC+TT: OR=1.453, 95% CI=1.034-2.042, P=0.031). However, no significant association between miRNA-608 rs4919510 and the risk of HCC/HBV-associated HCC was found. In addition, these two SNPs were shown not to be correlated with a range of clinical characteristics. The present study may provide an indicator for identification of the high risk of HCC in patients.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common types of cancer worldwide, particularly in China (1) . According to the latest Chinese cancer registration report, liver cancer accounts for the fourth highest morbidity and the second highest mortality rate of any type of cancer (2) . In addition to hepatitis B (HBV) infection, other factors, including hepatitis C (HCV) infection, aflatoxin B1 exposure, genetic factors and excessive alcohol consumption also contribute to oncogenesis and development of HCC (3, 4) . However, the genetic factors are poorly understood and require further exploration. Furthermore, due to the low diagnostic accuracy and poor prognosis of HCC, investigation of highly efficient genetic biomarkers is essential.
MicroRNAs (miRNAs) are a class of small non-coding RNA molecules (~22 nucleotides in length), which, as critical post-transcriptional regulators, modulate gene expression or function through binding to the 3'-untranslated region of targets. miRNAs have been predicted to regulate half of all protein-coding genes in mammals (5) . Single nucleotide polymorphisms (SNPs) in pri-, pre-or mature miRNAs, particularly in the seed regions, may influence the expression or target site selection of miRNAs, and thus they may be involved in a wide range of biological processes and increase the risk of cancer (6, 7) . Therefore, SNPs in miRNAs may be regarded as biomarkers for diagnosis and/or prognosis of cancers.
miR-149 rs2292832 (C>T) and miR-608 rs4919510 (G>C) have been predicted to be capable of influencing miRNA activities (8) . miR-149 rs2292832 and mir-608 rs4919510 are involved in p53 signaling (9, 10) , and studies have confirmed that they are linked to the susceptibility to certain types of cancer, including lung (11), gastric (12) and breast cancer (13) , Association study of miR-149 rs2292832 and miR-608 rs4919510 and the risk of hepatocellular carcinoma in a large-scale population as well as head and neck squamous cell carcinoma (14) and colorectal cancer (12, 15) . In particular, a previous study showed that miR-149 rs2292832 was associated with the risk of HCC in Korean individuals (16) . No confirmation of this association in large and other ethnic populations has been reported, to the best of our knowledge. In addition, no studies have been performed to investigate the association between miR-608 rs4919510 and the risk of HCC to the best of our knowledge. Therefore, the present study aimed to determine whether these two polymorphisms were associated with HCC in a large-scale Chinese population. (Microsoft Corporation, Redmont, WA, USA) was applied to conduct the data analysis. Binary logistic regression was used to evaluate the correlation between the risk of HCC and the two SNPs adjusted to smoking, alcohol use and other confounding factors. Odds ratios (ORs) and 95% confidence intervals (CI) were also calculated in order to estimate the relative risk.
Materials and methods

Patients
Pearson's χ 2 test was performed to verify whether the sample obeyed the Hardy-Weinberg Equilibrium by comparing the observed genotype frequencies with the expected ones. The association between clinicopathological characteristics and genotypic/allelic frequencies in the patients with HCC was also conducted by Pearson's χ 2 test. For the other quantitative variables which had heterogeneity of variance or non-normal distributions, analysis of variance or nonparametric tests were applied. All statistical tests were two-sided and probability levels <0.05 were used as a criterion of significance.
Results
General characteristics of the subjects. As Eastern China, including Jiangsu and Zhejiang provinces, is one of the main high-prevalence regions for HCC (2), a total of 993 patients with HCC and 992 healthy subjects were enrolled from the aforementioned provinces in the present study. The overview of the enlisted samples is presented in Table II . In terms of the distributions of age, gender and smoking status, significant differences between the cases and controls were identified: The control group had a higher age, higher female ratio and higher smoking ratio.
miRNA SNPs and the risk of HCC. Genotyping for rs2292832 and rs4919510 was successful in 1,928 and 1,985 subjects, respectively. The genotype distributions of However, in females, this association was not identified (Table V) .
Controls ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
As for miR-608 rs4919510, the frequency distributions of genotypes or alleles did not display statistically significant differences between the cases and the controls of HCC/HBV-associated HCC (P>0.05).
miRNA-499 and miR-608 polymorphisms and clinicopathological characteristics. Whether clinicopathological characteristics have an association with the distribution of genotypes/alleles was further analyzed. As shown in Table VI , no significant differences were discovered, implying that the two SNPs were uncorrelated with clinicopathological characteristics.
Discussion
Aberrant miRNA expression or function may alter a wide variety of physiological processes. SNPs in miRNA genes are able to influence the biogenesis and functions of their host miRNAs, and thus they participate in the susceptibility of developing complicated diseases (4). The present study identified for the first time, to the best of our knowledge, that rs2292832 in miR-149 had significant correlation with genetic predisposition to HCC and HBV-associated HCC in a large-scale Chinese population, while no correlation existed between miR-608 rs4919510 and the risk of HCC/HBV-associated HCC. Furthermore, the two SNPs lacked an association with the clinical characteristics recorded. miR-149 functions as a tumor suppressor by promoting apoptosis through repression of Akt1 and E2F1 (as observed in HeLa cells and the Be2C neuroblastoma cell line) (18) , by inhibiting epithelial-to-mesenchymal transition by targeting of Forkhead box M1 (in lung cancer cells) (19) , or by targeting of the zinc finger and BTB domain containing 2 oncogene (in gastric cancer) (20) . miR-149 is also a tumor oncogene regulator which is involved in the increased expression levels of myeloid cell leukemia sequence 1 (in human melanoma) (10) . However, whether miR-149 is involved in the carcinogenesis and development of HCC remains unknown. To the best of our knowledge, there is only one study that has suggested an association between the miR-149 rs2292832 polymorphism and HCC/HBV-HCC, and the study used a small Korean sample (cases/controls = 159:201) (16) . With a larger Chinese sample, the present study disclosed that individuals with the TC+TT genotype had a higher risk of HCC/HBV-associated HCC, compared with that of individuals with the CC genotypes. As the T variant in pre-miRNA-149 may prohibit the expression of mature miR-149 (14) , the findings of the present study indicated that miR-149, as a tumor suppressor, was downregulated in subjects with the TC+TT genotypes and thus resulted in an increased risk of HCC. miR-608 is mapped in the 10q24 locus, at which a loss of heterozygosity exists in certain types of tumor, including colorectal, prostate, pancreatic and brain (21) (22) (23) . A variant, rs4919510, is embodied in the mature sequence of miR-608, within an intron of sema domain, immunoglobulin domain (Ig), transmembrane domain (TM) and short cytoplasmic domain (semaphorin) 4G (24) . A study predicted that common/variant miR-608 binds to its targets, including acyl-CoA dehydrogenase, CD4, growth hormone receptor, retinoid X receptor β and tumor protein p53 (involved in hepatocarcinogenesis), with different levels of energy and result in different biological activities (25) . Furthermore, miR-605 may create a positive feedback loop by assisting the rapid accumulation of p53 in response to stress through interruption of the p53:Mdm2 interaction (9). Therefore, it was assumed that the variant may influence the risk of HCC, serving as a predictive biomarker. However, the results of the present study showed that miR-608 rs4919510 was not correlated with the risk of HCC/HBV-associated HCC, or clinical features, at least in the population studied.
In conclusion, to the best of our knowledge, the results of the present study demonstrated for the first time that the miR-149 rs2292832 polymorphism may influence genetic predisposition to HCC/HBV-associated HCC in the Chinese population, particularly in males, while the miR-608 rs4919510 polymorphism lacked such association in the studied population. The present study lays a foundation for further studies regarding the function of miR-149 in HCC by suggesting that miR-149 may be useful as an indicator for early detection of HCC risk.
